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(57) ABSTRACT 

A switching power supply circuit reduces the time from 
start-up driving to normal operation while a soft-start is 
carried out with an output voltage Vout. A soft-start capacitor 
is charged during the start-up time. After a soft-start voltage 
VZ has reached a predetermined signal-output starting volt 
age Vlow, soft start of the output voltage Vout is carried out 
by controlling the operation based on the soft-start voltage 
VZ. A time constant for charging the soft-start capacitor is set 
as a time constant that causes the charge voltage of the 
soft-start capacitor to sharply increase at least until the 
soft-start voltage VZ reaches the signal-output starting volt 
age Vlow after the circuit has started driving, and is switched 
to a time constant that causes a rising trend of the charge 
voltage of the soft-start capacitor to become gentle with a 
predetermined time-constant switching timing. The start-up 
time is reduced by an amount equivalent to a reduction in the 
delay time from the start of driving to the start of voltage 
output. 

18 Claims, 6 Drawing Sheets 
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SWITCHING POWER SUPPLY CIRCUIT 
WITH A SOFT-START FUNCTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a switching power supply 

circuit with a soft-start function for gently raising an output 
voltage during a start-up time. 

2. Description of the Related Art 
FIG. 6 shows one example of a main part of the circuit 

structure of a switching power supply circuit. This switching 
power supply circuit 1 includes a transformer 2. A main 
switching element (e.g., MOSFET) Q is connected in series 
to a primary coil N1 of this transformer 2. An external input 
power supply E is connected in parallel to a circuit com 
posed of the primary coil N1 and the main switching element 
Q connected in series. A secondary rectifying and smoothing 
circuit 3 is connected to a secondary coil N2 of the trans 
former 2, and a load 4 is connected to this secondary 
rectifying and smoothing circuit 3. 
A control circuit 5 is connected to the main switching 

element Q. This control circuit 5 outputs an ON/OFF pulse 
signal (switching-control signal), as shown in FIG. 7, to the 
main switching element Q and controls the switch ON/OFF 
operation of the main switching element Q. With the switch 
ON/OFF operation of the main switching element Q based 
on the control operation of the control circuit 5, electric 
current ?ows from the input power supply E to the primary 
coil N1, which causes a voltage to be output from the 
secondary coil N2. The voltage output from this secondary 
coil N2 is recti?ed and smoothed in the secondary rectifying 
and smoothing circuit 3, and a DC voltage Vout that has been 
recti?ed and smoothed is output to the load 4. 

The switching power supply circuit 1 is provided with a 
detection circuit 6 for directly or indirectly detecting the 
output voltage Vout output from the switching power supply 
circuit 1 to the load 4. A detection voltage Vs for the output 
voltage Vout of the switching power supply circuit 1 is 
added to the control circuit 5 from this detection circuit 6. 
The control circuit 5 controls the switch ON/OFF operation 
of the main switching element Q based on the detection 
voltage Vs so that the output voltage Vout is stabiliZed to a 
predetermined set normal-operation output voltage Vp, as 
shown in FIG. 7. For example, the control circuit 5 includes 
an error ampli?er 8, a reference power supply 9, a com 
parator 10, and a triangular-wave generating circuit 11 and 
controls the switch ON/OFF operation of the main switching 
element Q by using the PWM method. 
More speci?cally, the error ampli?er (error ampli?er) 8 

ampli?es and outputs the dilferential voltage between the 
detection voltage Vs output from the detection circuit 6 and 
a reference voltage Vref of the reference power supply 9. A 
comparator 10 compares a voltage Ve output from the error 
ampli?er 8 with a triangular wave voltage S, as shown in 
FIG. 7, output from the triangular-wave generating circuit 
11. The comparator 10 then outputs an ON signal of the 
pulse signal shown in FIG. 7, for example, while a voltage 
value of the triangular wave voltage S is equal to or below 
the output voltage Ve of the error ampli?er 8. On the other 
hand, the comparator 10 outputs an OFF signal of the pulse 
signal while a voltage value of the triangular wave voltage 
S is above the output voltage Ve of the error ampli?er 8. A 
pulse signal output from this comparator 10 is added to the 
main switching element Q as the switching-control signal. 

The control circuit 5 with the above-described structure 
controls the output voltage Vout to decrease to the set 
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2 
normal-operation output voltage Vp when, for example, the 
output voltage Vout exceeds the normal-operation output 
voltage Vp. In other words, the control circuit 5 shortens the 
pulse width of an ON signal of the switching-control signal 
to be added to the main switching element Q. This causes the 
output voltage Vout to decrease towards the normal-opera 
tion output voltage Vp. In contrast, when the output voltage 
Vout falls below the normal-operation output voltage Vp, the 
control circuit 5 performs control such that the decrease in 
the output voltage Vout relative to the normal-operation 
output voltage Vp is compensated for. More speci?cally, the 
control circuit 5 widens the pulse width of an ON signal of 
the switching-control signal to the main switching element 
Q. This causes the output voltage Vout to increase towards 
the normal-operation output voltage Vp. 
A sharp rise of the output voltage Vout when the switching 

power supply circuit 1 starts up causes a signi?cantly large 
overshoot voltage compared with the normal-operation out 
put voltage Vp to occur. This overshoot voltage is added 
from the switching power supply circuit 1 to the load 4. As 
a result of the overshoot voltage being applied, a failure, 
such as latch-up, may occur in the load 4, possibly prevent 
ing the load 4 from starting up smoothly. 

For this reason, the switching power supply circuit 1 
shown in FIG. 6 is provided with a soft-start circuit 130. 
This soft-start circuit 130 includes a switching element (e. g., 
transistor element) 14, a resistor 15, a soft-start operation 
power supply 16, and a time-constant circuit 19. The time 
constant circuit 19 is realiZed by, for example, a series circuit 
composed of a resistor 17 and a soft-start capacitor 18. 
The switching power supply circuit 1 is provided with a 

start-up circuit 20 connected to the base of the switching 
element 14. When the switching power supply circuit 1 
starts up, a voltage is applied from the start-up circuit 20 to 
the base of the switching element 14. As a result, the 
switching element 14 is switched from a switch ON state to 
a switch OFF state. 

While the switching element 14 is in a switch ON state, 
the soft-start operation power supply 16 is electrically 
connected to the ground through the resistors 15 and 17 and 
the switching element 14. When the switching element 14 is 
switched from a switch ON state to a switch OFF state, the 
soft-start operation power supply 16 becomes electrically 
connected to the soft-start capacitor 18 through the resistor 
17. As a result, the soft-start capacitor 18 is charged with a 
time constant determined by the capacitance of the capacitor 
18 and the resistance of the resistor 17. A charge voltage V2 
for the soft-start capacitor 18 gradually increases over time 
during the start-up time, for example, as shown in FIG. 7. 

This charge voltage V2 for the soft-start capacitor 18 is 
applied to the comparator 10 of the control circuit 5 as a 
soft-start voltage. During the start-up time, the comparator 
10 produces the switching-control signal, as described 
above, based on the charge voltage (soft-start voltage) V2 for 
the soft-start capacitor 18 and the triangular wave voltage S 
of the triangular-wave generating circuit 11. More speci? 
cally, the comparator 10 starts output of the switching 
control signal after the charge voltage V2 for the soft-start 
capacitor 18 has reached the minimum level (signal-output 
starting voltage) Vlow of the triangular wave voltage S. 
Thereafter, the comparator 10 produces the switching-con 
trol signal based on the charge voltage V2 for the soft-start 
capacitor 18 and the triangular wave voltage S, and outputs 
the switching-control signal to the main switching element 
Q. Once a normal operation period has been reached after 
the start-up time, the comparator 10 produces the switching 
control signal based on the output voltage Ve of the error 
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ampli?er 8 and the triangular Wave voltage S, and outputs 
the sWitching-control signal to the main switching element 
Q. 

During the start-up time, the main sWitching element Q 
starts sWitching operation in response to the sWitching 
control signal being applied. With this sWitching operation, 
the output voltage Vout is output from the sWitching poWer 
supply circuit 1. With a gentle increase in the charge voltage 
V2 for the soft-start capacitor 18, the pulse Width of the ON 
signal of the sWitching-control signal gradually Widens, as 
shoWn in FIG. 7. As a result, the output voltage Vout of the 
sWitching poWer supply circuit 1 gently increases, as shoWn 
in FIG. 7. In other Words, the sWitching poWer supply circuit 
1 performs a soft start With the soft-start circuit 130. See, for 
example, Japanese Patent No. 3394915. 

For the structure of the sWitching poWer supply circuit 1 
shoWn in FIG. 6, output of the sWitching-control signal from 
the comparator 10 to the main sWitching element Q is started 
after the charge voltage V2 for the soft-start capacitor 18 has 
reached the predetermined signal-output starting voltage 
VloW (the minimum level VloW of the triangular Wave 
voltage S of the triangular-Wave generating circuit 11). The 
sWitching poWer supply circuit 1 then starts output of the DC 
voltage Vout. In other Words, despite that the sWitching 
poWer supply circuit 1 starts driving, the sWitching poWer 
supply circuit 1 does not output the output voltage Vout until 
the charge voltage V2 for the soft-start capacitor 18 reaches 
the signal-output starting voltage VloW. 

For the structure of the soft-start circuit 130 shoWn in 
FIG. 6, the delay time from When the sWitching poWer 
supply circuit 1 starts driving to When output of the output 
voltage Vout is started, and the output rising time from When 
the sWitching poWer supply circuit 1 starts output of the 
output voltage Vout until the normal-operation output volt 
age Vp is reached, are determined by a time constant for 
charging the soft-start capacitor 18 in the time-constant 
circuit 19. In short, the time constant of the delay time is 
equal to that of the output rising time (in other Words, the 
time constant for charging the soft-start capacitor 18 is 
constant over the entire start-up period of time). 

For this reason, the soft-start capacitor 18 is gently 
charged during the period of time from When the sWitching 
poWer supply circuit 1 starts driving until the charge voltage 
V2 for the soft-start capacitor 18 reaches the signal-output 
starting voltage VloW, despite no output of the output 
voltage Vout. Therefore, the delay time (the period of time 
from When the sWitching poWer supply circuit 1 starts 
driving until output of the output voltage Vout is started) 
becomes longer. 

Thus, a problem to be overcome is described as a long 
time from When the sWitching poWer supply circuit 1 starts 
driving until the output voltage Vout reaches the normal 
operation output voltage Vp. 

SUMMARY OF THE INVENTION 

In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
sWitching poWer supply circuit that signi?cantly reduces the 
time from start-up driving to normal operation While a 
soft-start is carried out With an output voltage. 

According to a preferred embodiment of the present 
invention, a sWitching poWer supply circuit includes a main 
sWitching element arranged to control an output voltage 
output from the sWitching poWer supply circuit With a sWitch 
ON/OFF operation, a soft-start circuit arranged to output a 
soft-start voltage Whose voltage value increases over time 
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4 
during a start-up time from When the sWitching poWer 
supply circuit starts driving to When the output voltage of the 
sWitching poWer supply circuit reaches a predetermined 
normal-operation output voltage, and a control circuit 
arranged to start an output of a sWitching-control signal of 
the main sWitching element based on the soft-start voltage 
after the soft-start voltage reaches a predetermined signal 
output starting voltage to control the sWitch ON/OFF opera 
tion of the main sWitching element and to cause the output 
voltage of the sWitching poWer supply circuit to gently rise 
toWards the normal-operation output voltage, Wherein the 
soft-start circuit includes a time-constant circuit having a 
soft-start capacitor Which is charged during the start-up time, 
the soft-start circuit outputs a charge voltage of the soft-start 
capacitor as the soft-start voltage, the soft-start circuit 
includes a time-constant sWitching control circuit for con 
trolling the sWitching of a time constant for charging the 
soft-start capacitor during the start-up time, and the time 
constant sWitching control circuit sets a time constant that 
causes the charge voltage of the soft-start capacitor to 
sharply increase at least until the charge voltage of the 
soft-start capacitor reaches the signal-output starting voltage 
after the sWitching poWer supply circuit starts driving and 
sWitches to a time constant that causes a rising trend of the 
charge voltage of the soft-start capacitor to become gentle 
With a predetermined time-constant sWitching timing after 
the charge voltage of the soft-start capacitor reaches the 
signal-output starting voltage. 
According to a present preferred embodiment of the 

present invention, the soft-start circuit includes the time 
constant sWitching control circuit. This time-constant 
sWitching control circuit sets a time constant that causes the 
charge voltage of the soft-start capacitor to sharply increase 
at least until the charge voltage of the soft-start capacitor 
reaches a voltage at Which output of the sWitching-control 
signal is started (the signal-output starting voltage) after the 
sWitching poWer supply circuit starts driving. For this rea 
son, the soft-start capacitor is quickly charged from When 
the sWitching poWer supply circuit starts driving until volt 
age output of the sWitching poWer supply circuit is started. 
Therefore, the period of time from When the sWitching 
poWer supply circuit starts driving to When output of the 
output voltage from the sWitching poWer supply circuit is 
started can be reduced. 

Furthermore, in a preferred embodiment of the present 
invention, the time-constant sWitching control circuit 
sWitches to a time constant that causes the rising trend of the 
charge voltage of the soft-start capacitor to become gentle 
With a predetermined time-constant sWitching timing during 
the start-up time after the charge voltage of the soft-start 
capacitor reaches the signal-output starting voltage. For this 
reason, the charge voltage of the soft-start capacitor (soft 
start voltage) gently increases during the start-up time after 
the time-constant sWitching timing. As a result, the output 
voltage of the sWitching poWer supply circuit gently rises 
With the sWitching-control signal based on the soft-start 
voltage. 
As described above, a preferred embodiment of the 

present invention achieves gentle rising of the output voltage 
of the sWitching poWer supply circuit. In addition, the delay 
time from When the sWitching poWer supply circuit starts 
driving to When voltage output is started is reduced. With 
this reduction in the delay time, the start-up time from When 
the sWitching poWer supply circuit starts driving to When the 
output voltage of the sWitching poWer supply circuit reaches 
the set normal-operation output voltage can be reduced. 
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Other features, elements, advantages and characteristics 
of the present invention Will become more apparent from the 
following detailed description of preferred embodiments 
thereof With reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram depicting the main constituent 
parts of a sWitching poWer supply circuit according to a ?rst 
preferred embodiment of the present invention; 

FIG. 2 is a time chart illustrating an example circuit 
operation according to the ?rst preferred embodiment of the 
present invention; 

FIG. 3 is a circuit diagram depicting the main constituent 
parts of a sWitching poWer supply circuit according to a 
second preferred embodiment of the present invention; 

FIG. 4 is a diagram illustrating another preferred embodi 
ment of the present invention; 

FIG. 5 is a diagram illustrating still another preferred 
embodiment of the present invention; 

FIG. 6 is a circuit diagram depicting an example of a 
knoWn sWitching poWer supply circuit; and 

FIG. 7 is a diagram illustrating the circuit operation of the 
sWitching poWer supply circuit shoWn in FIG. 6. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Various preferred embodiments according to the present 
invention Will noW be described With reference to the 
draWings. In the folloWing preferred embodiments, the com 
ponents that are the same as or equivalent to those used in 
the circuit shoWn in FIG. 6 are denoted by the same 
reference numerals, and thus such components denoted With 
the same reference numerals Will not be described or Will be 
described only brie?y. Furthermore, in cross-reference to 
other preferred embodiments, the same or equivalent com 
ponents are denoted by the same reference numerals and 
components that have been described in a previous preferred 
embodiment and Will not be described or Will be described 
only brie?y in another preferred embodiment. 

FIG. 1 shoWs the main circuit constituent parts of a 
sWitching poWer supply circuit according to a ?rst preferred 
embodiment of the present invention. A sWitching poWer 
supply circuit 1 according to this ?rst preferred embodiment 
includes a soft-start circuit 13 Which includes a time 
constant sWitching control circuit 25 as described beloW. 
Except for the soft-start circuit 13, the structure according to 
this ?rst preferred embodiment is the same as that of the 
sWitching poWer supply circuit 1 in FIG. 6. 
The time-constant sWitching control circuit 25 according 

to this ?rst preferred embodiment includes a circuit structure 
for controlling, during the start-up time, the sWitching of the 
time constant for charging a soft-start capacitor 18 of a 
time-constant circuit 19 With a predetermined time-constant 
sWitching timing. The time-constant sWitching control cir 
cuit 25 includes a circuit preferably having a resistor 26 and 
a sWitch section (e.g., transistor element) 27 connected in 
series and a sWitch control section 28 for controlling the 
sWitching operation of the sWitch section 27. The circuit 
including the resistor 26 and the sWitch section 27 connected 
in series is connected in parallel to a resistor 17. 

In this ?rst preferred embodiment, the time-constant 
sWitching timing during the start-up time is set as a point in 
time When a charge voltage (soft-start voltage) V2 for the 
soft-start capacitor 18 has reached a minimum level (signal 
output starting voltage) VloW of a triangular Wave voltage S 
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6 
of a triangular-Wave generating circuit 11. When the charge 
voltage V2 for the soft-start capacitor 18 reaches the signal 
output starting voltage VloW, the output of a sWitching 
control signal is started from a control circuit 5 to a main 
sWitching element Q, and the sWitching operation of the 
main sWitching element Q is started. For this reason, the 
signal input terminal of the sWitch control section 28 receiv 
ing a signal from the control circuit 5 is connected to the 
conducting route from the control circuit 5 to the main 
sWitching element Q. 
The sWitch control section 28 includes a structure for 

detecting the start of output of the sWitching-control signal 
from the control circuit 5 to the main sWitching element Q 
as the time-constant sWitching timing. The sWitch control 
section 28 includes a structure for controlling the sWitching 
of the sWitch section 27 from an ON operation to an OFF 
operation With the set time-constant sWitching timing by 
using the sWitching-control signal. The circuit structure of 
this sWitch control section 28 is not limited to a particular 
one, as long as it can control the sWitching of the sWitch 
section 27 from an ON operation to an OFF operation With 
the set time-constant sWitching timing during the start-up 
time. FIG. 1 shoWs one example circuit structure of the 
sWitch control section 28. More speci?cally, in the example 
shoWn in FIG. 1, the sWitch control section 28 includes a 
diode D, a smoothing capacitor C, and resistors R1 and R2. 

In this ?rst preferred embodiment, the sWitch section 27 
is controlled to be in an ON operation during the period of 
time from When the sWitching poWer supply circuit 1 starts 
driving until the time-constant sWitching timing. With an 
ON operation of the sWitch section 27 during this start-up 
time, electric current based on a soft-start operation poWer 
supply 16 ?oWs to the routes described beloW. More spe 
ci?cally, electric current from the soft-start operation poWer 
supply 16 branches into a route to the soft-start capacitor 18 
through the resistor 17 and a route to the soft-start capacitor 
18 through the resistor 26 and the sWitch section 27, thus 
?oWing in the soft-start capacitor 18. The soft-start capacitor 
18 is thus charged. 

For this reason, the time constant for charging the soft 
start capacitor 18 While the sWitch section 27 is in an ON 
operation during the start-up time is a time constant based on 
the resistance of the parallel circuit of the resistors 17 and 26 
and the capacitance of the soft-start capacitor 18. In this ?rst 
preferred embodiment, While this sWitch section 27 is in an 
ON operation, the time constant for charging the soft-start 
capacitor 18 is set such that the charge voltage for the 
soft-start capacitor 18 sharply increases, as indicated by 
symbol U in FIG. 2. 

After the sWitch section 27 has been sWitched from an ON 
operation to an OFF operation With the set time-constant 
sWitching timing through the sWitching control of the sWitch 
control section 28 during the start-up time, the circuit 
operation is carried out as described beloW. That is, electric 
current based on the soft-start operation poWer supply 16 
does not How in the resistor 26 due to an OFF operation of 
the sWitch section 27. Therefore, electric current based on 
the soft-start operation poWer supply 16 ?oWs to the soft 
start capacitor 18 via a charge route from the soft-start 
operation poWer supply 16 through the resistor 17 to the 
soft-start capacitor 18. The soft-start capacitor 18 is thus 
charged. 
The time constant for charging the soft-start capacitor 18 

at this time is a time constant based on the resistance of the 
resistor 17 and the capacitance of the soft-start capacitor 18. 
More speci?cally, sWitching is carried out such that the 
resistance of the charge route from the soft-start operation 
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power supply 16 to the soft-start capacitor 18 increases 
through the ON/OFF operation switching of the switch 
section 27 with the set time-constant switching timing 
during the start-up time. 
As a result, the time constant for charging the soft-start 

capacitor 18 while the switch section 27 in an OFF operation 
is switched to a time constant that causes the rising trend of 
the charge voltage for the soft-start capacitor 18 to be more 
gentle than the time constant while the switch section 27 is 
in an ON operation. In this ?rst preferred embodiment, after 
the switch section 27 has been switched from an ON 
operation to an OFF operation with the set time-constant 
switching timing, the rising trend of the charge voltage for 
the soft-start capacitor 18 becomes gentle. In the ?rst 
preferred embodiment, as described above, the time constant 
for charging the soft-start capacitor 18 is set such that the 
rising trend of the charge voltage for the soft-start capacitor 
18 becomes gentle to achieve a soft start of an output voltage 
Vout. 
More speci?cally, in the ?rst preferred embodiment, a 

time constant that causes the charge voltage V2 for the 
soft-start capacitor 18 to sharply increase is produced during 
the period of time from when the switching power supply 
circuit 1 starts driving until the set time-constant switching 
timing during the start-up time. After the time-constant 
switching timing, the rising trend of the charge voltage V2 
for the soft-start capacitor 18 becomes gentle to produce a 
time constant that causes a soft start of the output voltage 
Vout to be achieved. As described above, the resistances of 
the resistors 17 and 26 and the capacitance of the soft-start 
capacitor 18 are designed so that the time constant before the 
time-constant switching timing and the time constant after 
the time-constant switching timing become the above-de 
scribed time constants. 

Therefore, in this ?rst preferred embodiment, the charge 
voltage V2 for the soft-start capacitor 18 sharply increases 
until the charge voltage (soft-start voltage) V2 for the 
soft-start capacitor 18 reaches the signal-output starting 
voltage Vlow after the switching power supply circuit 1 has 
started driving. As a result, the delay time of the output 
voltage Vout relative to the time when the switching power 
supply circuit 1 starts driving is reduced. Furthermore, after 
output of the output voltage Vout from the switching power 
supply circuit 1 is started up, the rising trend of the charge 
voltage V2 for the soft-start capacitor 18 becomes gentle. 
Because of this, the soft start of the output voltage Vout is 
achieved. 

In addition, the time-constant switching control circuit 25 
variably switches the resistance from among the resistance 
and capacitance that determine the time constant for charg 
ing the soft-start capacitor 18 (variably switches the resis 
tance of the charge route from the soft-start operation power 
supply 16 to the soft-start capacitor 18) to control the 
switching of the time constant for charging the soft-start 
capacitor 18. Therefore, the time-constant switching control 
circuit 25 can be constructed with a simple circuit. With the 
time-constant switching control circuit 25, the above-de 
scribed advantage (i.e., the advantage of carrying out soft 
start of output voltage while reducing the start-up time) is 
achieved while still preventing the circuit structure from 
becoming complicated. 

Furthermore, the time-constant switching timing by the 
time-constant switching control circuit 25 is set as a point in 
time when the charge voltage of the soft-start capacitor 
reaches the signal-output starting voltage. According to the 
?rst preferred embodiment, the detection structure of the 
time-constant switching timing is realiZed as a structure for 
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8 
detecting the start of output of the switching-control signal 
from the control circuit 5 to the main switching element Q 
as the time-constant switching timing. Because of this, the 
time-constant switching timing is detected with a simple 
circuit. The time constant for charging the soft-start capaci 
tor 18 can be switched with a high-accuracy set time 
constant switching timing. 
A second present preferred embodiment of a switching 

power supply circuit according to the present invention will 
now be described. FIG. 3 shows the main circuit constituent 
parts of a switching power supply circuit according to the 
second preferred embodiment of the present invention. 
According to this second preferred embodiment, a time 
constant switching control circuit 25 includes a circuit 
preferably having a switch section (e.g., transistor element) 
27 and a capacitor 30 connected in series and a switch 
control section 28 for controlling the switching of the switch 
section 27. The circuit including the switch section 27 and 
the capacitor 30 connected in series is connected in parallel 
to the soft-start capacitor 18. 

In the same manner in this second preferred embodiment 
as in the ?rst preferred embodiment, the time-constant 
switching timing during the start-up time is set as a point in 
time when a charge voltage V2 for a soft-start capacitor 18 
has reached a minimum level (signal-output starting voltage) 
Vlow of a triangular wave voltage S of a triangular-wave 
generating circuit 11. 

Also in the second preferred embodiment, the signal input 
terminal of the switch control section 28 acquiring a signal 
from a control circuit 5 is connected to the conducting route 
of the switching-control signal from the control circuit 5 to 
a main switching element Q. On starting the output of the 
switching-control signal, the set time-constant switching 
timing is detected. As described above, a circuit structure is 
provided for switching the switch section 27 from an OFF 
operation to an ON operation with the time-constant switch 
ing timing by using the switching-control signal. The circuit 
structure of this switch control section 28 is not limited to a 
particular one, as long as it can control the switching of the 
switch section 27 from an OFF operation to an ON operation 
with the set time-constant switching timing during the 
start-up time. FIG. 3 shows one example circuit structure of 
the switch control section 28. More speci?cally, in the 
example of FIG. 3, the switch control section 28 includes a 
diode D, a smoothing capacitor C, and a resistor R. 

In this second preferred embodiment, the switch section 
27 is in an OFF operation during the period of time from 
when the switching power supply circuit 1 starts driving 
until the time-constant switching timing. At this time, elec 
tric current from a soft-start operation power supply 16 
?ows to the soft-start capacitor 18 through a resistor 17. As 
a result, the soft-start capacitor 18 is charged with the time 
constant based on the capacitance of the soft-start capacitor 
18 and the resistance of the resistor 17. Also in this second 
preferred embodiment, in the same manner as in the ?rst 
preferred embodiment, the time constant for charging the 
soft-start capacitor 18 during the period of time from when 
the switching power supply circuit 1 starts driving until the 
time-constant switching timing is set such that the charge 
voltage for the soft-start capacitor 18 sharply increases, as 
indicated by symbol U in FIG. 2. 

After the switch section 27 has been switched from an 
OFF operation to an ON operation with the time-constant 
switching timing during the start-up time through the 
switching control operation of the switch control section 28, 
electric current from the soft-start operation power supply 
16 ?ows to the soft-start capacitor 18 and the capacitor 30 
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through the resistor 17. For this reason, While the sWitch 
section 27 is in ON operation, not only does the soft-start 
capacitor 18 carry out charging operation but also the 
capacitor 30 is charged using the soft-start operation poWer 
supply 16. Therefore, the time constant for charging the 
soft-start capacitor 18 is based on the resistance of the 
resistor 17 and the capacitance of the parallel circuit com 
posed of the soft-start capacitor 18 and the capacitor 30. 

Therefore, the time constant for charging the soft-start 
capacitor 18 While the sWitch section 27 is in an ON 
operation causes the rising trend of the charge voltage V2 for 
the soft-start capacitor 18 to become more gentle than the 
time constant for charging While the sWitch section 27 is in 
an OFF operation. More speci?cally, the time constant for 
charging the soft-start capacitor 18 is sWitched as a result of 
the sWitch section 27 being sWitched from an OFF operation 
to an ON operation With the set time-constant sWitching 
timing through the sWitching control operation of the sWitch 
control section 28. Also in this second preferred embodi 
ment, in the same manner as in the ?rst preferred embodi 
ment, the time constant for charging the soft-start capacitor 
18 during the start-up time after the time-constant sWitching 
timing is set to cause the rising trend of the charge voltage 
for the soft-start capacitor 18 to be gentle to achieve soft 
start of the output voltage Vout. 
More speci?cally, according to the second preferred 

embodiment, a time constant for causing the charge voltage 
V2 for the soft-start capacitor 18 to sharply increase is 
produced during the period of time from When the sWitching 
poWer supply circuit 1 starts driving until the time-constant 
sWitching timing. After time-constant sWitching timing, a 
time constant for causing the rising trend of the charge 
voltage V2 for the soft-start capacitor 18 to become gentle 
is produced to achieve soft start of output voltage Vout. The 
capacitances of the soft-start capacitor 18 and the capacitor 
30 and the resistance of the resistor 17 are designed so that 
the time constant before the time-constant sWitching timing 
and the time constant after time-constant sWitching timing 
operate as described above. 

Therefore, With the structure according to this second 
preferred embodiment, in the same manner as in the ?rst 
preferred embodiment, the delay time is reduced from When 
the sWitching poWer supply circuit 1 starts driving to When 
output of the output voltage Vout is started. In addition, a 
soft start of the output voltage Vout can be achieved. In the 
example of FIG. 3, the capacitor 30 is connected to the 
ground through a resistor 31. For this reason, for example, 
after charging from the soft-start operation poWer supply 16 
has been completed, the charge voltage of the capacitor 30 
is discharged to the ground through the resistor 31. 

The time-constant sWitching control circuit 25 variably 
sWitches the capacitance from among the resistance and 
capacitance that determine the time constant for charging the 
soft-start capacitor 18 (controls the start of charging the 
capacitor connected in parallel to the soft-start capacitor by 
the use of the soft-start operation poWer supply) to control 
the sWitching of the time constant for charging the soft-start 
capacitor. The time-constant sWitching control circuit 25 can 
be constructed With a simple circuit. For this reason, the 
circuit structure is prevented from becoming complicated 
and the start-up time can be reduced While soft start of the 
output voltage is achieved. 

The present invention is not limited to the structures 
according to the ?rst and second preferred embodiments. 
Instead, the present invention can be achieved in various 
embodiments. For example, in the ?rst and second preferred 
embodiments, the time-constant sWitching timing is prefer 
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10 
ably set as a point in time When the charge voltage V2 for 
the soft-start capacitor 18 has reached the signal-output 
starting voltage VloW. In the ?rst and second preferred 
embodiments, the sWitching control section 28 preferably 
detects the time-constant sWitching timing With the start of 
output of the sWitching-control signal from the control 
circuit 5 to the main sWitching element Q. 
As an alternative, the sWitch control section 28 may be 

constructed to detect the set time-constant sWitching timing, 
for example, With the structure described beloW. As 
described above, When the charge voltage V2 for the soft 
start capacitor 18 reaches the signal-output starting voltage 
VloW, output of the sWitching-control signal from the con 
trol circuit 5 to the main sWitching element Q is started. In 
this case, if a secondary rectifying and smoothing circuit 3 
includes, for example, rectifying diodes 32 and 33, a 
smoothing choke coil 34, and a capacitor 35 as shoWn in 
FIG. 4, the voltage application of the choke coil 34 is started 
When the sWitching operation of the main sWitching element 
Q is started. 

For this reason, a structure 36 for detecting the start of 
voltage application of the choke coil 34 is provided and the 
structure 36 is connected to the sWitch control section 28. 
The sWitch control section 28 may be constructed so as to 
recogniZe that the time-constant sWitching timing is reached 
When the start of a voltage application of the choke coil 34 
is detected by the structure 36 to control the sWitching of the 
sWitch ON/OFF operation of the sWitch section 27. The 
structure 36 can be constructed by, for example, an auxiliary 
coil (electromagnetically coupled With the choke coil) pro 
vided at the choke coil 34, or can be constructed from 
another structure. 
As described above, the time-constant sWitching timing 

can be detected With a simple circuit by using a structure for 
detecting, as the time-constant sWitching timing, the start of 
voltage application of the smoothing choke coil in the 
secondary rectifying and smoothing circuit provided at the 
secondary coil of the transformer. The time constant for 
charging the soft-start capacitor can be sWitched With a 
high-accuracy set time-constant sWitching timing. 

In the ?rst and second preferred embodiments, the time 
constant sWitching timing during the start-up time is set 
When the charge voltage V2 for the soft-start capacitor 18 
reaches the signal-output starting voltage VloW. HoWever, 
the time-constant sWitching timing is not limited to the 
structure of the ?rst and second preferred embodiments. The 
time-constant sWitching timing can be set to any time as long 
as it is Within the start-up time after the charge voltage V2 
for the soft-start capacitor 18 has reached the signal-output 
starting voltage VloW and it alloWs soft start of the output 
voltage Vout to be carried out through gentle charging 
operation for the soft-start capacitor 18 after the time 
constant sWitching timing. 
As an alternative, an example Where the time-constant 

sWitching timing is set after the charge voltage V2 for the 
soft-start capacitor 18 has reached the signal-output starting 
voltage VloW is shoWn in FIG. 5. FIG. 5 shoWs one example 
of the rising trend of the charge voltage V2 for the soft-start 
capacitor 18 and one example of the rising characteristics of 
the output voltage Vout. In the example of FIG. 5, the point 
in time When the charge voltage V2 for the soft-start 
capacitor 18 reaches a voltage AV above the signal-output 
starting voltage VloW is set as the time-constant sWitching 
timing. The voltage value AV can be set to any value 
according to speci?cations. 

Although applied to various types of sWitching poWer 
supply circuits, the present invention is suitable particularly 
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for a switching power supply circuit where a main switching 
element in the primary circuit of a transformer is switched 
ON/OFF to rectify and smooth a voltage generated in the 
secondary of the transformer and the voltage is supplied to 
a load. 

The invention claimed is: 
1. A switching power supply circuit comprising: 
a main switching element arranged to control an output 

voltage output from the switching power supply circuit 
with a switch ON/OFF operation; 

a soft-start circuit arranged to output a soft-start voltage 
whose voltage value increases over time during a 
start-up time from when the switching power supply 
circuit starts driving to when the output voltage of the 
switching power supply circuit reaches a predeter 
mined normal-operation output voltage; and 

a control circuit arranged to start an output of a switching 
control signal of the main switching element based on 
the soft-start voltage after the soft-start voltage reaches 
a predetermined signal-output starting voltage to con 
trol the switch ON/OFF operation of the main switch 
ing element and to cause the output voltage of the 
switching power supply circuit to gently rise towards 
the normal-operation output voltage; wherein 

the soft-start circuit includes a time-constant circuit hav 
ing a soft-start capacitor which is charged during the 
start-up time; 

the soft-start circuit outputs a charge voltage of the 
soft-start capacitor as the soft-start voltage; 

the soft-start circuit includes a time-constant switching 
control circuit arranged to control the switching of a 
time constant to charge the soft-start capacitor during 
the start-up time; and 

the time-constant switching control circuit sets a time 
constant that causes the charge voltage of the soft-start 
capacitor to sharply increase at least until the charge 
voltage of the soft-start capacitor reaches the signal 
output starting voltage after the switching power supply 
circuit starts driving and switches to a time constant 
that causes a rising trend of the charge voltage of the 
soft-start capacitor to become gentle with a predeter 
mined time-constant switching timing after the charge 
voltage of the soft-start capacitor reaches the signal 
output starting voltage. 

2. The switching power supply circuit according to claim 
1, wherein the soft-start circuit includes a soft-start operation 
power supply, the time-constant circuit includes a resistor 
connected to the soft-start operation power supply, the 
soft-start capacitor is connected to the soft-start operation 
power supply through the resistor and is charged using the 
soft-start operation power supply during the start-up time, 
the time-constant switching control circuit includes a series 
circuit including a resistor connected in parallel to the 
resistor of the time-constant circuit and a switch section and 
a switch control section arranged to control the switching 
operation of the switch section, and the switch control 
section controls the switching of the switch section from an 
ON operation to an OFF operation with the time-constant 
switching timing during the start-up time and switches the 
time constant for charging the soft-start capacitor by increas 
ing the resistance of a charge route from the soft-start 
operation power supply to the soft-start capacitor. 

3. The switching power supply circuit according to claim 
1, wherein the soft-start circuit includes a soft-start operation 
power supply, the soft-start capacitor of the time-constant 
circuit is connected to the soft-start operation power supply 
and is charged during the start-up time using the soft-start 
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12 
operation power supply, the time-constant switching control 
circuit includes a series circuit including a capacitor con 
nected in parallel to the soft-start capacitor and a switch 
section and a switch control section arranged to control the 
switching operation of the switch section, and the switch 
control section controls the switching of the switch section 
from an OFF operation to an ON operation with the time 
constant switching timing during the start-up time and 
causes the capacitor connected to the switch section in series 
to start charging using the soft-start operation power supply 
to switch the time constant for charging the soft-start capaci 
tor. 

4. The switching power supply circuit according to claim 
2, wherein the time-constant switching timing is set when 
the charge voltage of the soft-start capacitor reaches the 
signal-output starting voltage, and the switch control section 
of the time-constant switching control circuit detects the 
start of output of the switching-control signal from the 
control circuit to the main switching element as the time 
constant switching timing to control switching of an 
ON/OFF operation of the switch section. 

5. The switching power supply circuit according to claim 
3, wherein the time-constant switching timing is set when 
the charge voltage of the soft-start capacitor reaches the 
signal-output starting voltage, and the switch control section 
of the time-constant switching control circuit detects the 
start of output of the switching-control signal from the 
control circuit to the main switching element as the time 
constant switching timing to control switching of an 
ON/OFF operation of the switch section. 

6. The switching power supply circuit according to claim 
2, further comprising a transformer, wherein the main 
switching element is provided on the side of a primary coil 
of the transformer, and a secondary rectifying and smooth 
ing circuit arranged to rectify and smooth a voltage output 
from a secondary coil based on the switch ON/OFF opera 
tion of the main switching element and output the recti?ed 
and smoothed voltage as the output voltage of the switching 
power supply circuit is provided on the side of the secondary 
coil of the transformer, wherein the time-constant switching 
timing is set as a point in time when the charge voltage of 
the soft-start capacitor reaches the signal-output starting 
voltage. 

7. The switching power supply circuit according to claim 
6, wherein the secondary rectifying and smoothing circuit 
includes a smoothing choke coil, and the switch control 
section of the time-constant switching control circuit detects 
a point in time when application of a voltage to the smooth 
ing choke coil starts as the time-constant switching timing 
during the start-up time to control switching of an ON/OFF 
operation of the switch section. 

8. The switching power supply circuit according to claim 
3, further comprising a transformer, wherein the main 
switching element is provided on the side of a primary coil 
of the transformer, and a secondary rectifying and smooth 
ing circuit arranged to rectify and smooth a voltage output 
from a secondary coil based on the switch ON/OFF opera 
tion of the main switching element and output the recti?ed 
and smoothed voltage as the output voltage of the switching 
power supply circuit is provided on the side of the secondary 
coil of the transformer, wherein the time-constant switching 
timing is set as a point in time when the charge voltage of 
the soft-start capacitor reaches the signal-output starting 
voltage. 

9. The switching power supply circuit according to claim 
8, wherein the secondary rectifying and smoothing circuit 
includes a smoothing choke coil, and the switch control 
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section of the time-constant switching control circuit detects 
a point in time When application of a Voltage to the smooth 
ing choke coil starts as the time-constant switching timing 
during the start-up time to control sWitching of an ON/OFF 
operation of the sWitch section. 

10. A sWitching poWer supply circuit comprising 
a main sWitching element arranged to control an output 

Voltage from the sWitching poWer supply circuit With a 
sWitch ON/OFF operation; 

a soft-start circuit arranged to output a soft-start Voltage 
Whose Voltage Value increases over time during a 
start-up time from When the sWitching poWer supply 
circuit starts driving to When the output Voltage of the 
sWitching poWer supply circuit reaches a predeter 
mined normal-operation output Voltage; and 

a control circuit arranged to start an output of a sWitching 
control signal of the main sWitching element based on 
the soft-start Voltage after the soft-start Voltage reaches 
a predetermined signal-output starting Voltage; Wherein 

the soft-start circuit sets a time constant that causes the 
soft-start Voltage to sharply increase at least until the 
soft-start Voltage reaches the signal-output starting 
Voltage after the sWitching poWer supply circuit starts 
driving and sWitches to a time constant that causes the 
soft-start Voltage to gently increase With a predeter 
mined time-constant sWitching timing after the charge 
Voltage of the soft-start circuit reaches the signal-output 
starting Voltage. 

11. The sWitching poWer supply circuit according to claim 
10, Wherein the soft-start circuit includes a sWitch section 
and a sWitch control section arranged to control the sWitch 
ing operation of the sWitch section, and the sWitch control 
section controls the sWitching of the sWitch section from an 
ON operation to an OFF operation With the time-constant 
sWitching timing during the start-up time to increase the 
resistance of a charge route in the soft-start circuit. 

12. The sWitching poWer supply circuit according to claim 
11, Wherein the time-constant sWitching timing is set When 
the charge Voltage reaches the signal-output starting Voltage, 
and the sWitch control section detects the start of output of 
the sWitching-control signal from the control circuit to the 
main sWitching element as the time-constant sWitching 
timing to control sWitching of an ON/OFF operation of the 
sWitch section. 

13. The sWitching poWer supply circuit according to claim 
12, further comprising a secondary rectifying and smoothing 
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circuit arranged to rectify and smooth a Voltage output from 
the main sWitching element based on the sWitch ON/OFF 
operation of the main sWitching element, Wherein the time 
constant sWitching timing is set as a point in time When the 
soft-start Voltage of the soft-start circuit reaches the signal 
output starting Voltage. 

14. The sWitching poWer supply circuit according to claim 
13, Wherein the secondary rectifying and smoothing circuit 
includes a smoothing choke coil, and the sWitch control 
section detects a point in time When application of a Voltage 
to the smoothing choke coil starts as the time-constant 
sWitching timing during the start-up time to control sWitch 
ing of an ON/OFF operation of the sWitch section. 

15. The sWitching poWer supply circuit according to claim 
10, Wherein the soft-start circuit includes a sWitch section 
and a sWitch control section arranged to control the sWitch 
ing operation of the sWitch section, and the sWitch control 
section controls the sWitching of the sWitch section from an 
OFF operation to an ON operation With the time-constant 
sWitching timing during the start-up time. 

16. The sWitching poWer supply circuit according to claim 
15, Wherein the time-constant sWitching timing is set When 
the charge Voltage reaches the signal-output starting Voltage, 
and the sWitch control section detects the start of output of 
the sWitching-control signal from the control circuit to the 
main sWitching element as the time-constant sWitching 
timing to control sWitching of an ON/OFF operation of the 
sWitch section. 

17. The sWitching poWer supply circuit according to claim 
15, further comprising a secondary rectifying and smoothing 
circuit arranged to rectify and smooth a Voltage output from 
the main sWitching element based on the sWitch ON/OFF 
operation of the main sWitching element, Wherein the time 
constant sWitching timing is set as a point in time When the 
soft-start Voltage of the soft-start circuit reaches the signal 
output starting Voltage. 

18. The sWitching poWer supply circuit according to claim 
17, Wherein the secondary rectifying and smoothing circuit 
includes a smoothing choke coil, and the sWitch control 
section detects a point in time When application of a Voltage 
to the smoothing choke coil starts as the time-constant 
sWitching timing during the start-up time to control sWitch 
ing of an ON/OFF operation of the sWitch section. 


